A cell-free extract of Daphnia magna was found to lyse Escherichia coli cells as shown by leakage of the enzymes alkaline phosphatase and 3-galactosidase from the bacteria. The cell-free extract was separated on Sephadex G-200, and the fractions showing an ability to lyse E. coli cells were isolated. The factor which was responsible for the lysis of the bacterial cells was probably a protein with a molecular weight of several thousands. Mg2' and Ca2+ ions augmented the activity of the Daphnia extract on E. coli cells.
A cell-free extract of Daphnia magna was found to lyse Escherichia coli cells as shown by leakage of the enzymes alkaline phosphatase and 3-galactosidase from the bacteria. The cell-free extract was separated on Sephadex G-200, and the fractions showing an ability to lyse E. coli cells were isolated. The factor which was responsible for the lysis of the bacterial cells was probably a protein with a molecular weight of several thousands. Mg2' and Ca2+ ions augmented the activity of the Daphnia extract on E. coli cells.
Bacteria have been shown to be an important food source for Daphnia spp. in nature (3, 23) . Peterson et al. (14) showed that Daphnia spp. can feed on small, natural bacterial flora in Lake Toolik, Alaska. Geller and Moller (W. Geller and H. Moller, Abstr. S.I.L. Congress. Kyoto, Japan, 1980, p. 221) grouped planktonic Cladocera such as Diaphanosoma brachyurum, Ceriodaphnia quadrangula, Daphnia cucullata, and Daphnia magna as high-efficiency bacterium feeders according to the mesh size of their filtering apparatus and suggested that the species composition of filter-feeding zooplankton is strongly influenced by the amount of suspended bacteria available as food. Bacteria are also important in the diet of other crustaceans, such as Tigriopus californicus (17) , Tisbe holothuriae (19) , Paramphiascella vararensis (19) , and Tigriopus japonicus (7) . Little is known about the biochemical and physiological digestion processes of bacteria by Daphnia spp. Quaglia et al. (18) found in the midgut of Daphnia spp. multivesicular-like bodies probably playing a role similar to that of lysozomes. They found that food was absorbed in a digested form.
Radioactive carbon of algal origin was shown to participate in the biosynthesis of protein, lipids, and carbohydrates in Tigriopus and Calanus spp. (10) and can be seen in animal tissues after 24 h, as was shown for the copepod Temora longicornis (20) . In this study we demonstrated the ability of a D. magna cell-free extract (CFE) to lyse Escherichia coli cells. MATERIALS Daphnia CFE preparation. About 100 daphnids were homogenized (in 3.0 ml of 3% NaCl) with an Ultra Turrax or Potter-Elvehjem homogenizer. The homogenate was centrifuged for 10 min at 9,000 x g (centrifuge from Measuring & Scientific Equipment, Ltd.), and the supernatant was used as the CFE. The effect of this extract on E. coli was examined as follows. CFE (0.2 ml) was incubated for 24 h with 0.2 ml of the bacterial suspension (109 cells ml-') and 2.6 ml of distilled water. Controls of only E. coli or CFE were used, and values for the controls were subtracted from experimental values. Lysis of E. coli was followed by a decrease in the absorbance at 540 nm (A540) and by the appearance of bacterial alkaline phosphatase activity in the supematant after the sample was centrifuged (20 min, 9,000 x g).
CFE dialysate was prepared by dialyzing CFE against 1,000 volumes of water for 48 h, with one replacement of the water after 24 h.
Four parallel experiments were run in duplicate, and variation among the CFEs was found to be not more than 10%o. CFE fractionation. CFE was prepared as described above from a large number of daphnids (ca. 3 x 103).
The supernatant was applied to a Sephadex G-200 column (1.5 by 30 cm; Pharmacia Fine Chemicals). (12) .
Alkaline phosphatase acdvIty. The reaction mixture contained 0.2 ml of sample (fractions or supernatant), 2.8 ml of 0.05 M Tris buffer (pH 9.0), and 0.1 ml of Pnitrophenyl disodium orthophosphate (3.7 mg ml-'; BDH Chemicals Ltd., Poole, England). Enzymatic activity was expressed as the A410 after incubation at 37°C for 3 h. In the dialysate experiment incubation was done for 1.5 h only.
,B-Galactosidase activity. The reaction mixture contained 0.2 ml of sample, 1.5 ml of 0.2 M phosphate buffer (pH 7.5), and 0. galactosidase activities. A 1.5-ml amount of each fraction was incubated with E. coli cells for 24 and 48 h and then checked again for alkaline phosphatase and P-galactosidase activities. Most of the enzymatic activities (alkaline phosphatase and P-galactosidase) appeared in fractions 6 through 15 ( Fig. 1 and 2 ). Another peak of alkaline phosphatase activity appeared in fractions 18 through 21 only when these fractions were incubated with E. coli cells (Fig. 1) .
Several peaks of P-galactosidase activity in fractions 18 through 34 appeared after incubation of these fractions with E. coli cells (Fig. 2) .
The origin of the alkaline phosphatase was studied by subjecting the fractions containing the alkaline phosphatase activity to polyacrylamide gel electrophoresis. A sample from fraction 10 before and after incubation with E. coli cells was compared with a sample from fractions 19 through 21 after incubation with E. coli cells. From Fig. 3 it is clear that the alkaline phosphatase in fraction 10 was different from the alkaline phosphatase in fractions 19 through 21. The appearance of fraction 10 in the polyacrylamide gel was similar before and after incubation with E. coli cells and similar to that in the Daphnia CFE, indicating that the enzyme in fraction 10 originated from the Daphnia spp. Fractions 19 through 21, on the other hand, contained alkaline phosphatase activity only after incubation with E. coli cells, and the enzyme in fractions 19 through 21 showed a running pattern different from that of the enzyme in fraction 10. The running pattern of the enzyme in fractions 19 through 21 was similar to that of the commercial alkaline phosphatase prepared from E. coli cells (Fig. 3) ; it may indicate the E. coli origin of the enzyme in fractions 19 through 21. DISCUSSION Studies dealing with the ingestion of algae and bacteria by Daphnia spp. referred mostly to the intake processes of different kinds of algae (2, 8, 15, 16, 21) or bacteria (4, 5, 11, 13, 22) . Others determined the feeding rate or the filtering rate of Daphnia spp. grown on these food sources (9, 13) . In natural aquatic ecosystems bacteria play an important role as a food source for Daphnia spp. (3, 23) and other crustaceans (19) .
In previous studies (6) cell wall, these enzymes are immediately released into the medium. Another parameter was the decrease in the turbidity of the bacterial culture caused by the lysis of the bacteria. The addition ofDaphnia CFE to E. coli cells resulted in a much greater release of enzymes from the E. coli cells than from controls without CFE. Mg2+ or Ca2+ ions or the chelating agent EDTA enhanced this process when added to the reaction mixture. This enhancement may have been due to the action of these agents on the cell wall (EDTA) or to the assistance given by these agents to the digesting factor present in the Daphnia CFE. The protein nature of the factor was demonstrated by the decreased lysis caused when boiled CFE was added to E. coli cells. The digesting factor was retained in the dialysis bag ( Table 2 ), suggesting that its molecular weight is greater than 10,000. When Daphnia CFE was separated on a Sephadex G-200 column and each fraction was incubated with E. coli cells, bacterial enzymes (alkaline phosphatase and P-galactosidase) was found connected only with fractions 19 through 25. No such enzymatic activity was connected with these fractions before incubation with E. coli cells ( Fig. 1 and 2) . Since Daphnia spp. and microflora connected with Daphnia spp. also contain alkaline phosphatase, the origin of enzymes released was checked by poly-
